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R561studies [3,4] is that in the mammalian
blastocyst, the subcellular
redistribution of pathway
components results in alternative
cell fates.
What do these results tell us about
the current models for trophectoderm
and inner cell mass lineage
segregation? Historically, two
models have been put forward: the
‘inside-outside model’ suggests
a cell’s position leads to different
amounts of cell contact and different
microenvironments that are interpreted
to establish cell fate [11], while the
‘polarity model’ suggests that the
acquisition of cell polarity at the
eight-cell stage is critical for lineage
segregation [12]. The studies by the
Sasaki and Rossant labs [3,4] argue
that Hippo signalling is a sensor of both
these processes, as it is inhibited by
polarity in outside cells and activated
by cell adhesion in inside cells.
So, is everything now solved
regarding trophectoderm and inner cell
mass specification? In our minds, a key
unanswered question is if Hippo
signalling is directly controlling the
expression of lineage determinants or
if its main role is to interpret the
positional cues that the cell provides
and translate these cues for the signals
that specify fate. Yap is required to
maintain pluripotency in embryonic
stem cells [13], while in the inner cell
mass Yap is excluded from the nucleus.
Therefore, both ‘On’ and ‘Off’ states of
Hippo signalling are equally compatiblewith the pluripotent programme. Also
the main trophectoderm and inner cell
mass lineage determinants (Cdx2 and
Oct4) are initially co-expressed and
only segregate to the trophectoderm
and inner cell mass by the blastocyst
stage [14], suggesting that additional
cues to Hippo signalling are required to
restrict these genes to their specific
lineages. Understanding whether the
state of the Hippo pathway is the
only input that regulates the expression
of these trophectoderm and inner
cell mass determinants will start to
provide an answer to this fascinating
question.References
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Storage AbilityA new study demonstrates that storage organ formation can be induced in the
axillary meristem of non-tuberizing plants by ectopic expression of the
cytokinin biosynthetic gene LONELY GUY (LOG1).J.A. Abelenda and Salome´ Prat
During higher plant evolution,
vegetative organs like leaves, stems or
roots have acquired the ability to
propagate asexually, for example,
as observed in bulbs, corms, tubers
and rhizomes, and this ability provides
survival strategies during drought and
freezing conditions that compromise
plant’s viability. These undergroundstorage organs persist dormant in the
soil during adverse periods, to sprout in
the next favorable season and generate
a new plant. Metabolic storage
products accumulated in these organs,
mostly in the form of soluble sugars or
of starch, supply carbon and energy
required for initial growth of the new
shoot, hence making these organs
an excellent caloric complement to
human dietary needs. It is now widelyaccepted that early hominids fed on
these organs during fallback episodes,
and that the domestication of
tuber-bearing species most likely
preceded that of cereals and legumes.
Reiterative selection for organs of large
size gave rise to the modern potato
and cassava cultivars, potato being
nowadays the third crop in worldwide
economic importance after wheat and
rice, while cassava is one of the main
staple crops in much of tropical Africa.
Despite the enormous importance of
these storage organs, little is known
concerning how their formation is
initiated or what restricts formation of
these organs to a few plant species.
The report by Eviatar-Ribak et al.
published recently in Current Biology
[1] shows that expression of the
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bioactive cytokinins (CKs) from
riboside conjugates, is able to confer
non-tuberizing tomato plants the ability
to differentiate tuber-like organs from
their axillary meristems. This report
identifies the CKs as main hormone
regulators of sink storage capacity
and suggests that perhaps not
many steps are required to endow
species with the ability to form
storage organs.
Potato tubers differentiate from the
subapical region of underground stems
or stolons. Short days and cool
temperatures promote formation
of these organs by switching the
developmental program of cells in the
subapical region of the stolon, to
change their plane of cell division and
metabolism, to start accumulating
large amounts of starch. In the last
few years, knowledge concerning
integration of environmental cues to
initiate formation of these organs has
been greatly improved [2–4], although
signaling events downstream of the
leaf derived tuber-inducing signal are
not yet understood. Formation of these
organs was shown to be affected in
response to various hormones [5] and
thus it is likely that changes in the
hormonal balance of cells at the
subapical stolon region triggers
transition to a storage fate. Certainly,
gibberellins (GAs) were the best
candidates to regulate this process, as
inhibition of stolon elongation, previous
to tuberization onset, correlates with
a drop in bioactive GAs in the subapical
stolon region [6–8]. Consistent with
a prevalent role of these hormones,
a strong upregulation of the StGA2ox1
catabolic enzyme is observed early
after tuber induction, further
supporting a role of GAs in the
transition from longitudinal to radial
growth [9]. However, expression of
a GA biosynthetic enzyme in the
stolons resulted only in a very subtle
tuberization phenotype, thus
questioning GA leadership in the
ontogenesis of these organs [10].
Recently, auxins (IAA) and
strigolactones (SL) were also
incorporated as important players in
the tuberization landscape. During
tuber formation, IAA is transported
from its site of biosynthesis in the
stolon tip to the basal part of the stolon,
with levels of this hormone increasing
along the stolon towards the base
during tuber induction. Application of
IAA to the base of the stolon stimulatedtuberization, while SL repressed
axillary bud outgrowth and tuber
formation [11]. Potato plants in which
the SL biosynthetic StCCD8 gene was
downregulated showed a complete
loss of apical dominance and increased
tuber formation on the lower nodes
of the main stem [12]. Thus, IAA
and SL seem to regulate tuberization
in the underground stolons in a similar
way to axillary shoot growth in the
aerial stem.
Since cytokinins play an important
function in the control of cell
proliferation, it was assumed that cell
division during the initial steps of
tuber formation could rely on local
activation of these hormones. Actually,
supplementation of high sucrose
in vitro tuberization media with CKs or
with GA inhibitors strongly enhances
production of mini tubers [13]. In line
with a positive role of CKs in
tuberization, overexpression of the
cytokinin oxidase inactivation enzyme
results in a reduced number of
tubers per plant [14]. However, highly
pleiotropic effects and a severe
reduction in tuber yield were also
observed after overexpression of the
Agrobacterium IPT biosynthetic gene
[14], hence making it difficult to assign
a role to CKs in tuberization. In the work
by Eviatar-Ribak and co-workers [1],
the authors smartly used the TLOG1
gene that converts inactive
sugar-coupled CKs into free active
forms [15], to increase CK plant levels.
In this way, they could get rid off
the spurious effects of additional
CK biosynthetic intermediates.
Remarkably, ectopic expression of this
gene led to formation of tuber-like
organs out of the axillary meristems
of tomato plants, hence endowing on
this non-tuber bearing species a totally
novel capacity to form tuber-like
storage organs. Although somehow
related results had been previously
obtained by overexpression of the
IPT gene in tobacco plants [16], the
phenotype of tobacco axillary
meristems did not resemble that of
potato tubers as observed in the
tomato TLOG1 plants. Transcriptome
analyses of the aerial tomato mini
tubers (TMTs) actually revealed a
complete new set of transcripts not
found in wild-type stems, but sharing
many of the metabolic features of
potato tubers. The observation that
only juvenile axillary meristems form
TMTs, in addition to the delayed
flowering of TLOG1 plants, promptedthe authors to test ifmiR156 expression
would extend TMT formation to other
axillary meristems.miRNA156 is in fact
known to be one of the main players
controlling late flowering and juvenility
in different species [17–19], TLOG1
plants carrying an overdose of
miRNA156 actually leading to TMTs at
every nodal bud. Surely there are plenty
of questions that remain to be solved,
such as increasing size and providing
these organs with a prolonged
dormancy period as required for a
longer shelf life, but the authors provide
with this work a very important
framework for understanding the
genetic basis for storage organ
formation, in particular in species in
which this potential appears to be
suppressed.
The idea of generating plants able to
produce both fruits and tubers has
been in the mind of several. The
German physiologist George Melchers,
for instance, generated in the 1970s a
potato–tomato hybrid by fusing
protoplasts of these two related
species [20]. He designated these
hybrids with the German term
‘tomoffel’, but regretfully these plants
showed a fruitless potato-like growth
habit and were not fertile. Likely, we are
no longer very far from designing new
plants in which combined formation of
fruit and storage organs can be
reconstructed by modifying the
different meristems of the plant.
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DynactinThe minus-end directed microtubule motor protein cytoplasmic dynein
contributes to many aspects of cell division and it is generally believed that
these mitotic functions require the dynein activator and processivity factor,
dynactin. New research now shows that dynein accomplishes many of its
mitotic functions without dynactin.Patricia Wadsworth and Wei-Lih Lee
Cytoplasmic dynein is an ancient
ATPase motor that powers minus-end
directed motility along microtubule
tracks. Eukaryotic cells use dynein to
perform a wide range of important
cellular functions, including
intracellular trafficking, centrosome
positioning, and cell division. Dynein
localizes to the mammalian mitotic
spindle, and global inhibition of dynein
results in mitotic defects, but precisely
how it functions in mitosis has been
difficult to nail down.
Dynein is a dimer of two heavy
chains, each composed of a AAA ring
that binds and hydrolyzes ATP; a
microtubule-binding stalk; and a long
tail domain. Several additional dynein
subunits bind to the tail domain
where they are thought to contribute to
motor regulation, localization and
cargo binding. Some of these
additional subunits have multiple
isoforms, and are post-translationally
modified, but whether they serveunique functions has not been
established.
In cells, dynein associates with
several additional regulatory proteins.
Perhaps the best known of these is
dynactin, which was originally
identified as a factor that increased
dynein’s ability to move processively
along the microtubule track — which
is important for long-range cargo
transport [1,2]. Early work showed
that the dynactin complex is
disrupted following overexpression of
one of its subunits (aptly called
dynamitin) [3]. Disrupting dynactin
delayed mitosis, prevented
chromosome alignment and caused
multiple spindle defects [3]. Based on
this and other evidence, it has been
widely accepted that dynactin is
required for all of the mitotic functions
of dynein [4–6].
Another important regulator of
dynein is a complex of interacting
proteins LIS1 and NudE (or its
paralogue NudEL; NudE and NudEL
are gene products of Nde1 and Ndel1).Mutations in LIS1 result in the
developmental brain disorder
lissencephaly, which is characterized
by defects in neuronal cell division and
migration [6]. In vitro experiments using
purified proteins show that LIS1/NudE
prevents dynein detachment from
the microtubule, suggesting that this
regulator is important for the transport
of high-load dynein cargoes. In vitro,
dynactin and LIS1/NudE exhibit
mutually exclusive binding to the
dynein complex [7], suggesting dynein
may perform its distinct functions
in cells by using different regulatory
partners. Despite the appeal of this
notion it is not known if dynein
complexes composed of specific
isoforms of various subunits and/or
bound to specific regulatory proteins
are tailored to carry out specific mitotic
functions.
To answer this question, in a recent
paper published in the Journal of Cell
Biology, Raaijmakers and colleagues
[8] used RNAi to deplete individual
subunits of the dynein and dynactin
complexes, and LIS1, NudE and
NudEL, and then assayed several
aspects of mitosis in human cells. Their
results provide several new insights
into how dynein works in mitosis.
In early mitosis, dynein localizes to
kinetochores, the sites on each sister
chromatid that mediate attachment
to spindle microtubules. Dynein is
important for the initial, lateral
interaction of kinetochores with spindle
